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Prosthecochloris sp. strain CB11, which was recently enriched from the Chesapeake Bay (28). Chlorobiaceae all genome sequences encode orthologs of the three enzymes required for BSH biosynthesis from UDP-Glc-NAc, malic acid and cysteine in Bacillus subtilis (Fig. S5 ). BshA (CT0548 in Cba. tepidum) condenses UDP-Glc-NAc and malic acid to produce D-Glc-NAc-L-
Mal that is hydrolyzed to D-GlcN-L-Mal by BshB (CT1419), which is condensed with cysteine 1 4 7
by BshC (CT1558) to produce BSH ( Fig. 4A ) (23). The requirement for this pathway for N-Me- contained similar levels of N-Me-BSH as the wild type (Fig. 4B) . Furthermore, the strain parental wild type strain (Table 1) suggesting that the deletion of CT1040 causes a complete 1 6 2 blockage of BSH methylation in this strain. Therefore, we conclude that the CT1040 gene 1 6 3 product functions in vivo as a SAM-dependent BSH methyltransferase for which we propose the name NmbA for N-Me-BSH synthase A. Cba. tepidum was grown with a variety of sulfur compounds as electron donors for pool sizes increased during growth and were always highest in stationary phase (45 hrs, Fig. 5A ). N-Me-BSH pool size and biomass were strongly correlated regardless of the electron donor used increases, the decrease in light intensity due to self-shading may drive an increase in the N-Me-
BSH pool size. This was supported by the fact that Cba. tepidum grown at low light intensity
contained five-fold more N-Me-BSH compared to cells grown at standard or high light intensity 1 7 6 (Fig. 5B) .
The redox state of the N-Me-BSH pool was assessed by treating stationary phase Cba.
tepidum cultures with trimethyl-TCEP, a phosphine reductant that is able to cross phospholipid
bilayers (24), or diamide, a disulfide-generating electrophile that is used to induce sulfhydryl (1, 28). The current distribution of directly detected LMW thiols in bacteria is outlined in Figure   1 8 9
6A. The Polaribacter sp. strain MED152 (Bacteroidetes) genome contains orthologs of BSH
biosynthetic genes bshA-C and CT1040/nmbA, while the Thermus thermophilus HB27 in the Chlorobi and Bacteroidetes, but also in members of the phyla Acidobacteria, Firmicutes,
and in a basal member of the Chlamydiae, Waddlia chondrophila (Fig. 6B) . BSH biosynthesis
has been chemically demonstrated in the Deinococcus-Thermus lineage and Firmicutes (3), this
analysis predicts BSH would also be found in members of the Bacteroidetes and Acidobacteria. EAN1pec), the Cyanobacteria, Proteobacteria, and Eukarya.
Within the Chlorobi and sister phylum Ignavibacteriae, all genomes appear to have a multiple Paenibacillus spp. and Brevibacillus brevis).
The data presented here show that N-Me-BSH is the major LMW thiol in the
Chlorobiaceae. N-Me-BSH biosynthesis requires the function of gene products orthologous to
bshA-C and a SAM-dependent methyltransferase named nmbA with CT1040 as the defining where the N-methylation is catalyzed by a standalone MTase.
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The functional consequences of producing N-Me-BSH vs. BSH are currently unknown.
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While BSH is often detected in N-Me-BSH producing bacteria, N-Me-BSH levels are always levels of N-Me-BSH, which will warrant further investigation.
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Modification of their predominant LMW thiol structure during stationary phase is known to limit propionyl-CoA accumulation during degradation of odd chain and branched chain fatty modulate free GSH and/or spermidine in response to different environmental conditions (36).
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However, the Chlorobiaceae predominantly make N-Me-BSH irrespective of growth phase 2 4 4
suggesting that there has been a selection for this molecule in their physiology.
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Physiologically, N-Me-BSH is the best current candidate for a LMW thiol proposed to DsrAB, and appears to act as the preferred acceptor for the reduced sulfur atom by forming a 2 5 4
trisulfide bridge between two cysteine side chains (37). DsrC-trisulfide is then proposed to be reduced by DsrMKJOP generating sulfide and regenerating DsrC to accept another sulfur atom.
5 6
As phototrophic sulfur oxidation is proposed to involve a reversed Dsr system for oxidizing Me-BSH and sulfur-based energy metabolism in these organisms. Another possible function in the Chlorobiaceae is that N-Me-BSH is the in vivo reductant 2 6 1 for the recently described excitation energy regulating mechanism in the FmoA protein (38).
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Cysteine centered thiyl radicals in FmoA are proposed to interact with excited Chlorobiaceae genomes encode GSH biosynthesis (Fig. 6B , Dataset S1) and GSH was not 2 6 8 detected in Cba. tepidum (Fig. 1) redox properties of N-Me-BSH and the mutant strains generated here will help to address this organisms that do not contain FmoA means that N-Me-BSH cannot be exclusively associated
with light harvesting.
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The genetic data indicate that N-Me-BSH is synthesized in Cba. tepidum after BSH used to methylate a wide range of small molecule targets to improve properties or activities. Identifying nmbA allowed us to predict and confirm LMW thiol biosynthetic capacity in 
